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NESTORONE®/ESTRADIOL TRANSDERMAL
GEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase entry under 35 U.S.C.
§371 of International Application No. PCT/US2010/060941

filed Dec. 17, 2010, published 1n English, which claims the
benelit of the filing date of U.S. Provisional Patent Appli-
cation No. 61/287,514 filed Dec. 17, 2009, the disclosures of

which are hereby incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to the use of specific com-
binations of progestins and estrogens in a transdermal or
transmucosal composition for use 1n a method of contracep-
tion for women 1n their reproductive years.

BACKGROUND OF THE INVENTION

Progestins are synthetic progestogens most frequently
used for hormonal contraception (either alone or with an
estrogen), as well as to prevent endometrial hyperplasia
from unopposed estrogen 1n hormone replacement therapy.
Estrogens, and especially the natural estrogen 173 estradiol
(E2) on the other hand, are steroid compounds primarily
functioning as female sex hormones and also used 1n certain
oral contraceptives and 1n estrogen replacement therapy for
post-menopausal women, as well as 1n hormone replacement
therapy in various endocrinological conditions.

16-methylene-17a-acetoxy-19-norpregn-4-ene-3,20-di-
one 1s a progestin (also 1dentified by the trade name NESTO-
RONE® and referred to throughout this application as NES)
comprising a 19-nor-progesterone derivative, with a struc-
ture close to the physiological hormone progesterone, which
has been studied extensively in non-oral forms, including
implants and vaginal rings for contraception. It has strong
antiovulatory and progestational properties, and does not
carry androgenic, estrogenic or glucocorticoid actions at
therapeutic levels (1). Given its high anti-ovulatory potency
when given systemically, only very low doses of NES are
believed to be required for contraceptive eflicacy and hence
can be used 1n various non-oral delivery systems (2).

Estradiol (E2) 1s less potent than Ethinyl estradiol on the
stimulation of estrogen-dependent liver proteins such as
clotting factors, and has the potential to be a safer estrogen
when combined with progestins for contraception. In addi-
tion 1t has been shown that estradiol when administered
transdermally induces less risk of thrombotic events than
oral estradiol when given to postmenopausal women (3).

It has been suggested that NES should be administered
transdermally, either alone or 1n combination with estrogens
such as estradiol. In particular, 1n a press release dated Nov.
28, 2007, Antares Pharma and The Population Council
announced the results of a Phase 1 study for a contraceptive
gel contaiming Nestorone® and estradiol. The purpose of the
trial was to determine the absorption of Nestorone® and
estradiol using the Antares transdermal gel system. The
press release indicates that the data showed that an effective
combined dose was 1dentified for consistently delivering
Nestorone®, and the serum levels matched target ranges
expected to provide eflective contraception. No serious
adverse events were said to be recorded, and most subjects
did not experience skin irritation.
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2

As for the Antares gel system 1tself, this 1s disclosed, for
example, in U.S. Pat. No. 7,470,433, the disclosure of which

1s 1incorporated herein by reference thereto.

SUMMARY OF THE INVENTION

In accordance with the present invention, a novel contra-
ceptive has been discovered comprising a transdermal sys-
tem for contraceptive treatment of females comprising a
carrier formulation including an amount of a progestin
comprising 16-methylene-170-acetoxy-19-norpregn-4-ene-
3,20-d1one suflicient to provide absorption of a daily dose of
at least about 300 ug of the progestin to the female and
estradiol suflicient to provide absorption of a daily dose of
at least about 100 ng of estradiol to the female, whereby the
transdermal system eflectively blocks ovulation in the
female and follicular development and rupture are prevented
while 1rregular bleeding 1s minimized. Preferably the trans-
dermal system includes at least 3 mg of the 16-methylene-
1'7a-acetoxy-19-norpregn-4-ene-3,20-dione and at least 1
mg of the estradiol, preferably from about 3 to 4.5 mg of the
progestin and from about 1 to 1.5 mg of the estradiol. These
levels of these hormones applied onto the skin result in 10%
absorption, and thus correspond to a daily dose of about 300
to 450 ug of the progestin and about 100 to 150 ug of the
estrogen. Expressed in a diflerent manner, it would also be
possible to equate these levels of absorption of these hor-
mones to corresponding plasma levels 1n the patient. In this
regard, the amounts of these hormones required for the
transdermal or transmucosal devices of this mvention will
generally result 1n plasma levels for the progestin (NES) of
at least about 250 pmol/LL and plasma levels for the estrogen
(estradiol) of at least about 300 pmol/LL (100 p/ml).

In one embodiment of the transdermal system of the
present invention, the carrier comprises a gel. Preferably, the
gel provides a hydroalcoholic formulation including at least
one penetration enhancer for the active agents in the gel
system.

In accordance with another embodiment of the present
invention, a method for contraceptive treatment of females
1s described comprising providing daily dosage units of a
progestin comprising 16-methylene-17a-acetoxy-19-nor-
pregn-4-ene-3,20-dione and estradiol 1n the form of a carrier
formulation including an amount of a progestin comprising
1 6-methylene-17a-acetoxy-19-norpregn-4-ene-3,20-dione
and estradiol 1n the form of a carrier formulation including
an amount of the progestin suflicient to provide absorption
of a daily dose of at least about 300 ug of the progestin to
the female and an amount of the estradiol suflicient to
provide absorption of a daily dose of at least about 100 ug
of the estradiol to the female. In one embodiment, the
method comprises providing the daily dosage units to the
temale sequentially on a once-daily basis for a period of
three weeks followed by one week of no such daily dosage
units. In accordance with another embodiment, the method
comprises providing the daily dosage units to the female
continuously on a daily basis.

In accordance with another embodiment of the method of
the present invention, the method includes providing at least
about 3 mg, and preferably from about 3 to 4.5 mg, of the
1 6-methylene-17a-acetoxy-19-norpregn-4-ene-3,20-dione
and at least about 1 mg, and preferably from about 1 to 1.5
mg of the estradiol.

In accordance with another embodiment of the method of
the present invention, the contraceptive treatment comprises
a transdermal contraceptive treatment. Preferably, the daily
dosage units are 1n the form of transdermal gel.
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In accordance with the present mvention, a specific com-
bination of NES and estradiol in the form of a transdermal
gel formulation has been discovered. Throughout this speci-
fication use of the term NES 1s intended to refer to 16-meth-
ylene-17a-acetoxy-19-norpregn-4-ene-3,20-dione, but 1s
also intended to 1include derivatives of this compound which
would have similar or greater potency. These can include,
for example, 13-ethyl-Nestorone and other such derivatives.
The specification also 1s directed to the use of estradiol. This
natural hormone 1s important for use because of 1ts high
safety factor but it 1s appreciated that estrogens with a
similar structure to estradiol may be useful 1n connection
with this invention, although this certainly does not include
cthinyl estradiol as discussed herein. Estradiol itself, how-
ever, 1s highly preferred in connection with this imnvention
particularly because of the safety it exhibits i terms of
venous thrombosis and the like.

In accordance with one embodiment of the present inven-
tion, a transdermal system for contraceptive treatment of
temales 1s provided comprising a carrier formulation includ-
ing the progestin NES 1n an amount suflicient to provide
absorption of a daily dose of at least 300 ug of the NES, and
preferably from about 300 to 450 ug of NES to the female,
as well as an amount of estradiol suflicient to provide
absorption of a daily dose of at least about 100 ug of the
estradiol, and pretferably from about 100 to 150 ug of the
estradiol, to the female. In the case of a transdermal system,
it has been found that these amounts of the progestin and the
estradiol can be provided to the patient for such a system
comprising a carrier formulation including at least 3 mg of
NES, and preferably from 3 to 4.5 mg of NES, and at least
1 mg of estradiol, and preferably from 1 to 1.5 mg of
estradiol, whereby the transdermal system eflectively blocks
ovulation i1n the female, and follicular development and
rupture are prevented while 1irregular bleeding 1s minimized.
In a preferred embodiment, the carrier comprises a gel, and
in particular a hydroalcoholic gel, and including at least one
penetration enhancer for the active agents 1n the system.

In accordance with this invention, NES has thus been
cllectively administered transdermally 1n a gel formulation
in which it 1s rapidly absorbed through the skin, resulting 1n
absorption 1 amounts suflicient to block ovulation and to
achieve the other important results of the present invention,
without many of the potential side eflects of the prior art.

The available hormonal methods are based on synthetic
contraceptive steroids, and generally include Ethinyl estra-
diol (EE), which 1s a potent synthetic estrogen. These
combinations, whether delivered orally or by means of
transdermal route, induce metabolic changes related to a
stimulatory action on the synthesis of liver proteins, such as
low and high-density lipoproteins and clotting factors. The
latter changes have been suggested as one mechanism
possibly associated with the increased risk 1n venous throm-
boembolism (VTE) 1n oral contraceptive users (4,5). With
new progestins, either from the third generation (such as
norgestimate or etonogestrel) which are less androgenic than
those of the second generation (such as levonorgestrel) or
the more recent progestins (such as drospirenone, trimege-
stone or NES) which are not at all androgenic (6), the impact
of Ethinyl estradiol on the liver 1s not “opposed” as with the
more androgenic progestins. Therefore, higher levels of sex
hormone-binding globulin (SHBG) and high-density lipo-
protein (HDL) were found when third generation oral con-
traceptives were used, but were considered to be a beneficial
aspect as far as HDL changes were concerned (7). However,
changes also occur with the clotting factors that are estro-
gen-dependent, and the varnation of some coagulation fac-
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tors 1s higher with these combinations than with the second
generation oral contraceptives. Although there 1s no true
surrogate marker of VTE risk identified so far, the difference
observed in the incidence of VTE 1n users of third generation
rather than second generation oral contraceptives suggested
a higher and uncontrolled impact of EE on the regulation of
hemostasis (8-11).

In studies conducted with steroids closer to the physi-
ological hormones progesterone and estradiol, 1t has been
shown that the risk of VTE 1s lower 1n users of transdermal
estradiol as compared with oral estradiol (3). Transdermal
estradiol 1s a much less potent estrogen that EE, and 1ts
impact on the liver proteins and coagulation factors 1s almost
nil. (12).

Therefore, the use of powertul progestins such as NES,
which has a neutral metabolic profile, and estradiol, rather
than Ethinyl estradiol, in a transdermal formulation 1s
extremely attractive because (1) 1t improves the safety
profile of these contraceptives; and (2) 1t delivers contra-
ceptive hormones which are close to the physiological
hormones 17p-estradiol and progesterone.

The concept underlying the present mnvention 1s to base
the contraceptive effect of the combination on the progestin
only, and to use the small dose of estradiol as an add-back
therapy. NES 1s a very powertul antiovulvatory agent, and
has proved to block ovulation 1n more than 95% of the
subjects when used at doses leading to serum levels of 250
pmol/L. With these levels, the follicular maturation 1s sup-
pressed, but not completely, and only a small dose of E2 will
be needed as an add-back treatment to prevent signs of
hypoestrogenism and to control the bleeding pattern.

Preliminary findings from a Phase II, dose finding, cross-
over study to evaluate the eflect of NES/E2 transdermal gel
delivery 1n three different doses: high (4.5 mg NES/1.5 mg
E2), medium (3.0 mg NES/1.0 mg E2) and low (1.5 mg
NES/0.5 mg E2) showed that, while all the three doses
suppressed ovulation, 1t was only the doses utilizing at least
3.0 mg of NES and at least 1.0 mg of E2 which not only
adequately suppressed ovulation, but which also prevented
tollicular growth 1n a high proportion of subjects. Therelore,
the endogenous levels of E2 were low and the addition of the
1 mg dose of exogenous E2 was suilicient as an “add-back™
therapy. Indeed, this particular dosage level was particularly
uselul due to the stable E2 levels which reached the targeted
range of the early follicular phase 1n women of fertile age.
Although the medium and high doses of the gel formulation
were both able to suppress most follicles to grow beyond 10
to 15 mm, a size of follicle observed during the early stages
of their development, the addition of the exogenous dose of
1 mg of E2 allowed the serum levels to reach mid-follicular
phase range (about 130 pg/ml) while the high dose gave
raise to much higher levels of estrogen (about 180 pg/ml). In
addition, the variations 1n serum levels were higher with the
high dose of E2, while the medium dose gave stable delivery
rates. This stable delivery of the steroids 1s 1n contrast with
the peaks and troughs usually observed with oral adminis-
tration of the same estrogen.

In accordance with a preferred embodiment of the present
invention, these particularly advantageous doses of NES and
E2 are applied transdermally 1n the form of a hydroalcoholic
gel, preferably along with at least one permeation enhancer,
and most particularly along with a specific combination of
permeation enhancers. This system offers the advantage of
being easy to apply and invisible cosmetically, which 1s
expected to provide considerable appeal to women. Further-
more, this invention mcludes the simultaneous delivery of
more than one active agent from the same gel formulation.
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In this case, estradiol (E2), the naturally occurring form of
estrogen, 1s applied along with the NES. This combination
of NES and E2, which are close to the female physiological
hormones, and are not administered orally, would be safer
than most hormonal contraceptives which contain Ethinyl
estradiol (EE), the widely used potent synthetic form of
estrogen. Simultaneously, E2 will prevent hypoestrogenic
symptoms. With the appropriate dosing of this invention, E2
thus also minimizes 1irregular bleeding that sometimes
occurs when women use progestin-only contraceptives, and
which can be a major source of dissatisfaction/discontinu-

ation.

BRIEF DESCRIPTION OF THE

DRAWINGS

The nature and details of the present invention may be
more fully appreciated with reference to the following
Detailed Description, which 1n turn refers to the Figures, as
follows:

FIG. 1 1s a graphical representation of the dose response
for NES at various dosage levels over 21 days of use;

FIG. 2 1s a graphical representation of the measure of
serum levels for NES at various dosage levels at different
time points on the last day (day 21) of the treatment cycle;

FIG. 3 1s a graphical representation of estradiol levels at
various dosage levels over 21 days of use;

FIG. 4 1s a graphical representation of the measure of
serum levels for estradiol at various dosage levels at differ-
ent time points on day 21 of the treatment cycle;

FIG. 5 1s a graphical representation of the percentage of
ovulatory cycles at various dosage levels;

FIG. 6 1s a graphical representation of the percentage of
ovulating cycles at various dosage levels 1n compliant
subjects; and

FIG. 7 1s a graphical representation of follicular devel-
opment at various dosage levels.

DETAILED DESCRIPTION

The first essential component of the contraceptive formu-
lation of the present invention 1s the progestin NES. NES
itself 1s a 19-nor-progesterone derivative which exerts a
potent progestational and anti-ovulatory action and which
does not carry androgenic or estrogenic or glucocorticoid
actions at therapeutic levels. NES 1s 16-methylene-17a-
acetoxy-19-norpregn-4-ene-3,20-dione, and 1s a known
potent progestin when given parenterally. NES, however, 1s
not active when administered orally.

The other critical component of the compositions of the
present invention 1s estradiol. Estradiol 1itself (or 17p-estra-
diol) 1s a female sex hormone and represents the major
estrogen 1n humans. It 1s used for treatment of the symptoms
of menopause or as a replacement of estrogen deficiency.

The use of the term “transdermal” in accordance with this
invention 1s meant to apply to means for application of
active agents and other drug compositions through the skin,
including by means of gels, creams, lotions, sprays, patches,
and the like. In each case, however, the transdermal com-
position 1tsell must include suflicient NES to provide
absorption of a daily dose of at least about 300 ug of NES
to the user, and absorption of a daily dose of at least about
100 ug of estradiol to the user, and most particularly the ratio
of the absorption levels with regard to the amount of NES to
the amount of estradiol should be about 3:1 1n each 1nstance.
While the specification has emphasized the specific use of a
gel formulation for the transdermal systems of the present
invention, those of ordinary skill 1n this art will appreciate
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the fact that the formulation of this invention may also be 1n
the form of a spray, omntment, acrosol, suppository, vaginal
dosage form, as well as a patch, buccal and sublingual
tablets, or other passive or active transdermal devices for
absorption through the skin or mucosal surface. In each of
these cases, as has been shown herein the application of the
required amounts of NES and estradiol in the ratios and
amounts suflicient to produce absorption of a daily dose of
at least about 300 ng of the progestin and at least about 100
ug of the estradiol are the critical factors 1n connection with
this invention. Those of ordinary skill will thus be able to
readily produce a corresponding spray, ointment, aerosol or
the like employing conventional systems with the specific
active ingredients of the present invention therein. The
present invention 1s also applicable to transmucosal systems,
in which the carrier composition containing the NES and
estradiol components 1s applied to the mucosa (either vagi-
nal or buccal), 1n this case i order to obtain the desired
plasma levels of at least about 250 pmol/LL of NES and at
least bout 300 pmol/L (100 p/ml) of estradiol, a different
amount of these ingredients in an appropriate carrier would
be required. It 1s thus realized that for transmucosal appli-
cation a carrier which 1s alcohol based would not be well
tolerated by the mucosa. Furthermore, far lower amounts of
these hormones would be required where the mucosa exhib-
its far greater absorption. Thus only about 200 to 300 ug of
NES would be required to obtain the necessary absorption,
and only about 80 to 100 ug of estradiol will be required.
These amounts can be determined by one of ordinary skill 1n
this art in order to provide the required absorption and
plasma levels of this invention.

As used herein, the term “DDU” refers to a “daily dosage
unmt” 1 which the daily dosage unait itself 1s contained 1n a
transdermal formulation.

As used herein, the term “contraceptive agent” refers to
medications administered 1n order to prevent or reduce the
likelihood of pregnancy.

The transdermal systems of the present invention for the
supply of a contraceptive agent specifically comprise a
carrier formulation, preferably in the form of a gel, which
includes at least 3 mg of NES and at least 1 mg of estradiol.
In this manner, 1t has been found that this transdermal
system can exert anti-ovulating eflicacy as well as full
tollicular suppression, again when applied in a transdermal
manner, and the inclusion of estradiol provides an “add-
back™ estrogen therapy which exactly matches the mid-
tollicular levels of estradiol 1n the normal cycle of untreated
fertile women with a stable delivery rate. Thus, this trans-
dermal system both suppresses ovulation and replaces the
endogenous levels of estrogen at the ideal mid-follicular
phase range.

At the DDU levels of this invention, the application of at
least 3 mg of NES, preferably between 3 and 4.5 mg of NES,
in a transdermal manner, and an absorption rate of approxi-
mately 10%, results i about 300 to 450 ng/day of NES,
while the use of at least 1 mg of estradiol, and preferably
from 1 to 1.5 mg of estradiol, at the same absorption rate
results 1n about 100 to 150 ug/day of estradiol.

The transdermal application of this composition with the
combination of NES and estradiol 1s, as noted above,
preferably applied 1n the form of a gel. In particular, these
gels may be clear, water-washable, cool to the touch, quick
drying, spreadable, and/or non-greasy formulations. In par-
ticular, the components of the gel primarily include a poly-
alcohol, a C, to C, alkanol, and at least one permeation
enhancer. The polyalcohol 1s preferably propylene glycol,
dipropylene glycol, or mixtures thereof. The polyalcohol 1s




US 9,682,087 B2

7

preferably present in amounts of from 1 to 30 wt. % of the
overall vehicle, preterably from 10 to 20 wt. % thereof. The
C, to C, alkanol preferably 1s a C, to C, alcohol such as
cthanol, 1sopropanol, n-propanol, or mixtures thereot, and 1s
preferably present 1n amounts of from about 5 to 85 wt. %,
preferably from about 30 to 60 wt. %. The permeation
enhancer includes a monoalkyl ether of diethylene glycol,
for the purpose of enhancing the permeation of the active
agent through dermal or mucosal surfaces. This component
1s preferably present in the overall composition 1n amounts
of from about 1 to 15 wt. %, preferably between about 2.5
to 7.5 wt. %.

The formulations of the present invention can also include
a further permeation enhancer, such as those set forth, for
example by Osborne and Henke 1 “Skin Permeation
Enhancers Cited in the Technical Literature™ published 1n
Pharmaceutical Technology 1n November 1997, the disclo-
sure of which 1s incorporated herein by reference thereto. In
particular, the formulation of the present invention further
includes a fatty alcohol, for the purpose of enhancing the
permeation of the active agent even more through dermal or
mucosal surfaces. This component 1s preferably present in
the overall composition 1n amounts of from about 0.1 to 3
wt. %, preferably between about 0.5 to 2.0 wt. %. Most
preferred fatty alcohols are myristyl alcohol and 1-tetrade-
canol.

The formulation may further include a thickening agent or
gelling agent present in an amount suflicient to alter the
viscosity of the formulation. A gelling agent can be selected
from the group including: carbomer, carboxyethylene or
polyacrylic acid such as Carbopol 980 or 940 NF, 981 or 941
NF, 1382 or 1342 NF, 5984 or 934 NF, ETD 2020, 2050,
934P NF, 971P NF, 974P NF, Noveon AA-1 USP; cellulose
derivatives such as ethylcellulose, hydroxypropylmethylcel-
lulose (HPMC), ethylhydroxyethylcellulose (EHEC), car-
boxymethylcellulose  (CMC), hydroxypropylcellulose
(HPC) (Klucel different grades), hydroxyethylcellulose
(HEC) (Natrosol grades), HPMCP 535, Methocel grades;
natural gums such as arabic, xanthan, guar gums, alginates;
polyvinylpyrrolidone derivatives such as Kollidon grades;
polyoxyethylene polyoxypropylene copolymers such as
Lutrol F grades 68, 127. Other gelling agents include
chitosan, polyvinyl alcohols, pectins, veegum grades. A
tertiary amine, such as triethanolamine or trolamine, can be
included to thicken and neutralize the system.

A polymer or copolymer of acrylic acid, such as a
carbomer acts as a gelling forming and facilitates the release
of lipophilic active agent and penetration enhancer. Prefer-
ably, the gelling agent 1s Lutrol F grades and Carbopol
grades. The gelling agent 1s present from about 0.2 to about
30.0% w/w of the formulation depending on the type of
polymer. For example, the gelling agent 1s preferably present
in an amount between about 0.5% to 2% for polyacrylic
acids, and between about 1 to 5% for celluloses.

The amount and the type of the gelling agent in the
formulation may be selected to provide the desired product
consistency and/or viscosity to facilitate application to the
skin.

The formulation may further include preservatives such
as, but not limited to, benzalkomium chloride and deriva-
tives, benzoic acid, benzyl alcohol and derivatives, bro-
nopol, parabens, centrimide, chlorhexidine, cresol and
derivatives, imidurea, phenol, phenoxyethanol, phenylethyl
alcohol, phenylmercuric salts, thimerosal, sorbic acid and
derivatives. The preservative 1s present from about 0.01 to
about 10.0% w/w depending on the type of compound.
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The formulation may optionally include antioxidants such
as but not limited to tocopherol and derivatives, ascorbic
acid and denivatives, butylated hydroxyanisole, butylated
hydroxytoluene, fumaric acid, malic acid, propyl gallate,
metabisulfates and derivatives. The antioxidant 1s present
from about 0.001 to about 5.0% w/w of the formulation
depending on the type of compound.

The formulation may further include buflers such as
carbonate buflers, citrate buflers, phosphate builers, acetate
buflers, hydrochloric acid, lactic acid, tartric acid, diethyl-
amine, triecthylamine, diisopropylamine, aminomethylam-
ine. Although other buflers as known in the art may be
included. The bufler may replace up to 100% of the water
amount within the formulation.

The formulation may further include humectant, such as
but not lmmited to glycerin, propylene, glycol, sorbitol,
triacetin. The humectant 1s present from about 1 to 10.0%
w/w of the formulation depending on the type of compound.

The formulation may further include a sequestering agent
such as edetic acid. The sequestering agent 1s present from
about 0.001 to about 5.0% w/w of the formulation depend-
ing on the type of compound.

The formulation may further include anionic, non-ionic or
cationic surfactants. The surfactant 1s present from about
0.1% to about 30.0% w/w of the formulation depending on
the type of compound.

Optionally, the formulation may include a pH regulator,
generally a neutralizing agent, which can optionally have
crosslinking function. By way of example and not limitation,
the pH regulator may include a ternary amine such as
triecthanolamine, tromethamine, tetrahydroxypropylethylen-
diamine, NaOH solution. The pH regulator 1s present in the
formulations 1n about 0.05 to about 2.0% w/w.

Optionally, the formulation may include moisturizers
and/or emollients to soften and smooth the skin or to hold
and retain moisture. By way of example and not limitation,
moisturizers and emollients may include cholesterol, leci-
thin, light mineral oi1l, petrolatum, and urea.

The overall nature of the gel formulations of the present
invention includes those set forth, for example, in U.S. Pat.
No. 7,470,433, the disclosure of which 1s incorporated
herein by reference thereto.

As noted above, however, other formulations appropriate
for the transdermal delivery of the two steroids NES and E2
described herein are possible. This transdermal delivery can
be carried out by means of a transdermal patch, or by means
of a transdermal spray, or Metered Dose Transdermal Sys-
tem (MTDS). It has been shown with the latter that levels of
250 pmol/L of NES could be reached with two applications
of the spray onto the skin (13). The addition of an appro-
priate dose of E2 to the achieved dose of NES would be
another form of transdermal delivery for contraceptive pur-
pose with the above-discussed additional benefits 1n terms of
safety. Transdermal matrix patches delivering both NES and
E2 in a surface of around 20 to 30 cm”, delivering 300 pg
of NES and 100 ug of E2 daily (and 1n particular, delivery
of the NES and the E2 at a ratio of about 3:1) can also
achieve such objectives, with an additional possibility of
delivering 1t over 7 days continuously, according to the
matrix design selected.

An additional finding made both with the gel formulations
as well as with the MDTS formulations, was to still observe
detectable levels of NES after up to 72 hours, a much longer
half-life than that observed with any other route of admin-
istration of the steroid. This finding 1s explained by a
retention of the steroid into the stratum corneum, the upper
layer of the skin, which then constitutes a reservoir from
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which the progestin 1s released. The additional details for
transdermal spray and MDTS are known 1n the art, such as

in the articles discussed herein, which are incorporated
herein by reference thereto.

The transdermal contraceptives of the present invention
are preferably employed either continuously, that 1s each day
by the patient, or sequentially, that 1s, for example, each day
for three weeks each month, followed by one week of no
drug dosage application. Another regimen would be that of
24 days of gel application followed by 4 days of no gel
treatment application. These formulations thus additionally
offer replacement of estrogen levels at physiological levels.

Use of the transdermal compositions of the present inven-
tion comprises a method for contraceptive treatment by
applying the DDU discussed above for daily administration
in the manners set forth herein. The transdermal or non-oral
formulations of the present invention are thus applied 1n the
form discussed above, preferably as a gel or the like.

EXAMPLES

The present mvention was initially exemplified by a
number of women who received the three different doses
(high, medium and low, as discussed above) of the trans-
dermal combination of NES and E2 in the form of a gel, for
one cycle each, separated by a wash-out cycle to resume
ovulation before the next dose was tested. The mean levels
of NES obtained with the 3 doses tested show a dose-
response, as can be seen 1 FIG. 1. The lowest dose
permitted the subjects to reach the mean serum levels of 250
pmol/L needed to suppress ovulation, and higher doses were
attained with the medium and high doses of the gel combi-
nation. Furthermore, the serum levels of NES obtained with
these three doses alter a period of 24 hours can be seen in
FIG. 2. Once again, the lowest dose permitted the mean
serum levels of 250 pmol/L to be obtained.

The estradiol levels which are measured reflected the
addition of the endogenous secretion of E2 by the ovary and
the exogenous dose of E2 administered in the gel 1tself. As
seen 1n FIG. 3, the lowest dose of gel delivering 0.5 mg/day
of E2, shows at some points a higher level than that observed
with the medium dose, delivering 1 mg of E2/day. This
reflects the remaining endogenous production of E2, as the
tollicle growth was not suppressed fully with the lower dose
of NES. In addition, the serum levels of estradiol obtained
with each of these dosages over a 24 hour period or on the
last day of application (day 21) are shown in FIG. 4.

The percentage of ovulary cycles 1 terms of follicle
rupture for each of the three dosages 1s shown in FIG. 5.
Furthermore, as shown 1n FIG. 6, the three different dosages
tests achieved complete suppression of ovulation in women
who were compliant, as assessed by measures of serum
levels of NES.

As shown 1n FIG. 7, the findings indicate that the lowest
dose does not block the follicular growth sufliciently, as
there are still 40% of the follicles which are large, at 16 mm
and above, that can be triggered for ovulation in case of
missed daily doses. Therelfore, although the serum levels of
250 pmol/L of NES are reached and achieved ovulation
suppression, this level was nevertheless not suflicient to
totally prevent the growth of the follicles.

However, the medium dose has only 13% of those large
tollicles, showing a better control on suppression of follicle
growth. While the high dose achieves the highest suppres-
sion of follicle growth, the serum levels of E2 are too high
and show larger individual variations than with the medium

dose of NES/E2 3 mg/1 mg daily gel application.
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Indeed, with the medium dose delivering 3 mg of NES
and 1 mg of E2, the mean serum levels of E2 were around
385 pmol/LL (~130 pg/ml) a level found during the mid-
follicular phase of a normal cycle i1n untreated fertile
women, and suilicient to prevent hypoestrogenic symptoms
and unwanted eflects, such as bone loss, that may occur
when E2 levels are low. (lower than 30 pg/ml). Also, the
curve ol E2 levels observed with the medium dose showed
very stable levels of E2, with minimal varations.

All of the above demonstrates the criticality and signifi-
cance of the specific use of the amounts of NES and estradiol
in combination in the transdermal systems of the present
invention for the contraceptive treatment of females. It has
been found that only with the use of these particular levels
of the active agents 1n question were all of the desired results
of the present invention, including not only preventing
ovulation 1n 100% of the cases, achieved therewith, but also
in terms of safety, with good bleeding control, eflicacy 1n
suppressing follicle growth to a size usually seen 1n early
tollicular phase, and appropriate hormonal levels of estrogen
to replace the endogenous secretion.

Although the present invention herein has been described
with reference to particular embodiments, it 1s to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present mvention. It 1s
therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the

spirit and scope of the present invention as defined by the
appended claims.

INDUSTRIAL APPLICABILITY

The present invention provides a pharmaceutical formu-
lation for the contraceptive treatment of females. Thus, the
specific composition and drug amounts of the present mnven-
tion can provide a transdermal product, preferably in the
form of a gel, which can be readily and advantageously
applied to the skin of a female 1n order to achieve extremely
advantageous contraceptive eflects.
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The mnvention claimed 1s:

1. A transdermal formulation for contraceptive treatment
ol females comprising a formulation 1n the form of a gel
including an amount of a progestin comprising 16- methyl-
ene-17a-acetoxy-19-norpregn-4-ene-3,20-dione  suilicient
to provide absorption of a daily dose of at least about 300 ug
up to about 4350 ng of said progestin to said female and
estradiol suflicient to provide absorption of a daily dose of
at least about 100 ug up to about 150 ug of said estradiol to
said female, wherein the formulation includes from 3 to 4.5
mg of said progestin and from 1 to 1.5 mg of said estradiol
whereby said transdermal formulation effectively blocks
ovulation in the female and follicular development and
rupture are prevented while irregular bleeding 1s minimized.

2. The transdermal formulation of claim 1, wherein said
amount of said progestin in the formulation 1s 3 mg and said
amount of said estradiol in the formulation 1s 1 mg.

3. The transdermal formulation of claim 1 wherein said
gel comprises a hydroalcoholic formulation including at
least one penetration enhancer for the active agents 1n said
gel system.

4. A method for transdermal contraceptive treatment of
females comprising providing daily dosage units of the
formulation of claim 1 to provide absorption of a daily dose
of at least about 300 ug up to about 450 ng of said progestin
to said female and an amount of said estradiol suflicient to
provide absorption of a daily dose of at least about 100 ug
up to about 150 pg of said estradiol to said female.

5. The method of claim 4 comprising providing said daily
dosage units to said female sequentially on a once-daily
basis for a period of 3 weeks followed by 1 week of no such
daily dosage units.

6. The method of claim 4 comprising providing said daily

dosage units to said female continuously on a daily basis.
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